We present first-time measurements of the Fermi surface and low-energy electronic structure of intermetallic compounds Gd 2 PdSi 3 and Tb 2 PdSi 3 by means of angle-resolved photoelectron spectroscopy (ARPES). Both materials possess a flower-like Fermi surface consisting of an electron barrel at the Γ point surrounded by spindle-shaped electron pockets originating from the same band. The band bottom of both features lies at 0.5 eV below the Fermi level. From the experimentally measured band structure, we estimate the momentum-dependent RKKY coupling strength and demonstrate that it is peaked at the 1 2 ΓK wave vector. Comparison with neutron diffraction data from the same crystals shows perfect agreement of this vector with the propagation vector of the low-temperature in-plane magnetic order, thereby demonstrating the decisive role of the Fermi surface geometry in explaining the complex magnetically ordered ground state of ternary rare earth silicides. Ternary rare earth silicides with hexagonal crystal structure of the form R 2 PdSi 3 , where R is a rare earth atom, are known to exhibit complex magnetic behavior [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14] Most of the R 2 PdSi 3 compounds order magnetically at low temperatures, somewhat below the Kondo minimum in the resistivity [2, 3, 4, 5, 6] . The exact type of such ordering strongly depends on the material and can be rather complicated [6, 10] . The corresponding Neel temperature T N reaches maximum for the Gd (T N =21.0 K [11]) and Tb (T N =23.6 K [12]) compounds, which we have chosen as the subject of the present study. The RKKY exchange interaction that essentially determines their magnetic properties is mediated by the conductance electrons, and therefore any reasonable description of the corresponding physics is impossible without the knowledge of the Fermi surface and the low-energy electronic structure. According to our recent study [16] , the sign reversal of the Hall effect observed at low temperatures in R 2 PdSi 3 [13] might be an indication of the opening of the pseudogap at some portions of the Fermi surface, as was also suggested earlier by resistivity measurements [2] , again emphasizing the importance of studying the electronic structure of these materials.
We present first-time measurements of the Fermi surface and low-energy electronic structure of intermetallic compounds Gd 2 PdSi 3 and Tb 2 PdSi 3 by means of angle-resolved photoelectron spectroscopy (ARPES). Both materials possess a flower-like Fermi surface consisting of an electron barrel at the Γ point surrounded by spindle-shaped electron pockets originating from the same band. The band bottom of both features lies at 0.5 eV below the Fermi level. From the experimentally measured band structure, we estimate the momentum-dependent RKKY coupling strength and demonstrate that it is peaked at the 1 2 ΓK wave vector. Comparison with neutron diffraction data from the same crystals shows perfect agreement of this vector with the propagation vector of the low-temperature in-plane magnetic order, thereby demonstrating the decisive role of the Fermi surface geometry in explaining the complex magnetically ordered ground state of ternary rare earth silicides. Ternary rare earth silicides with hexagonal crystal structure of the form R 2 PdSi 3 , where R is a rare earth atom, are known to exhibit complex magnetic behavior [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14] due to a delicate competition of the Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction [15] and the Kondo effect, which are comparable in magnitude [1, 2] . Such interplay determines many unusual magnetic, thermal, and transport properties, which stimulate unceasing interest to these materials during the last two decades: large negative magnetoresistance [3] , quasi-lowdimensional magnetism and spin-glass-like behavior [7, 8] , highly anisotropic ac susceptibility [7] , magnetocaloric effect [9] , thermoelectric power [1] , and Hall coefficient [1] .
Most of the R 2 PdSi 3 compounds order magnetically at low temperatures, somewhat below the Kondo minimum in the resistivity [2, 3, 4, 5, 6] . The exact type of such ordering strongly depends on the material and can be rather complicated [6, 10] . The corresponding Neel temperature T N reaches maximum for the Gd (T N =21.0 K [11] ) and Tb (T N =23.6 K [12]) compounds, which we have chosen as the subject of the present study. The RKKY exchange interaction that essentially determines their magnetic properties is mediated by the conductance electrons, and therefore any reasonable description of the corresponding physics is impossible without the knowledge of the Fermi surface and the low-energy electronic structure. According to our recent study [16] , the sign reversal of the Hall effect observed at low temperatures in R 2 PdSi 3 [13] might be an indication of the opening of the pseudogap at some portions of the Fermi surface, as was also suggested earlier by resistivity measurements [2] , again emphasizing the importance of studying the electronic structure of these materials.
Nevertheless, though the single crystals of Gd 2 PdSi 3 are available since nearly a decade [3] , the fermiology and the underlying band structure are still not known for any of the R 2 PdSi 3 compounds neither from momentum-resolved measurements nor from band structure calculations. Earlier photoemission experiments [17, 18] were performed only on polycrystalline samples and could not therefore shed light on the dispersion of conductance electrons and the Fermi surface geometry, but have revealed that the density of states at the Fermi level is likely to be dominated by the 5d states of the rare earth atoms.
Here we report an angle-resolved photoelectron spectroscopy (ARPES) investigation of the low-energy electronic structure performed on the single crystals of Gd 2 PdSi 3 and Tb 2 PdSi 3 , whose crystal structure is illustrated by Fig. 1 . We show that the Fermi surface in both compounds has a flower-like shape with the dominant nesting vector that coincides with the propagation vector of the low-temperature magnetic ordering, as we will see from the comparison of our ARPES data and neutron diffraction patterns measured from the same single crystals. This observation offers a sim- ple explanation for the complex magnetic ordering, namely that it is determined by the enhanced RKKY coupling at the nesting wave vector of the normal-state Fermi surface.
The single crystals for the present study were grown by the floating-zone method from stoichiometric polycrystalline feed rods [19] and cleaved in situ perpendicular to the (001) direction immediately before measurement in ultra-high vacuum of 10 −10 mbar. For a detailed description of our experimental geometry see Ref. 20 . The measurements were performed with 150 eV photons -the excitation energy that was found to yield maximal photocurrent. Fig. 2 shows several constant-energy cuts and energymomentum cuts representing electron dispersions in Gd 2 PdSi 3 , measured at low temperature (T = 10 K). Panel (a) shows the Fermi surface, which consists of an electron barrel at the Γ point surrounded by spindle-shaped electron pockets originating from the same band, as sketched by the white lines. Though the Γ-barrel is not well distinguishable in panel (a) due to its low intensity, it can be clearly seen in panel (e), which represents a K-Γ-K energy-momentum cut. The band bottoms of both Γ-and M-centered barrels lie at 0.5 eV below the Fermi level, as follows from panels (d) and (e), where similar point-like intensity blobs can be seen at both Γ and M points (b). At yet higher binding energies, the Γ-and M-centered features increase again in size, resulting in a fancy trefoil-like structure at 2.5 eV (c).
The Fermi surface of Tb 2 PdSi 3 , shown in Fig. 3 (a) , is very similar, though the Γ-centered barrel is much less intense in the photoemission spectra (b). Nevertheless, it can still be recognized in panel (f) of the same figure, which also shows that both electron-like barrels extend down to 0.5 eV binding energy exactly as in the Gd compound. At higher binding energies, the electronic structures of the two compounds start to differ (c). Instead of the trefoil-like structure, an intense feature at the Γ point is observed in Tb 2 PdSi 3 near 2.5 eV, which can be assigned to the lowest line of the Tb 4f 8 → 4f 7 final state multiplet [17, 18, 21] . The corresponding 4f 7 → 4f 6 multiplet in Gd is located at higher binding energies and is therefore not observed in our spectra. Now let us look in more detail at the Fermi surface geometry, as it is shown in Fig. 2 and 3 (a) , in order to investigate how it affects the momentum-dependent strength of the RKKY coupling and thereby influences the complex magnetic ordering structure that sets in at low temperatures. It is known that in the linear response assumption the coupling constant of the RKKY interaction is determined by the itinerant spin susceptibility of the material (Lindhard function) [15] . From a tight-binding fit to the experimentally measured band structure of R 2 PdSi 3 , following a procedure similar to that used in Ref. 22 , we have calculated the Lindhard function in the static limit (ω → 0), which is shown in Fig. 4 (a) and (b) . One sees a strong peak at the 1 2 ΓK wave vector that originates from the perfect nesting of spindle-shaped pockets as sketched in the inset. This peak indicates that the indirect RKKY exchange interaction should be strongly enhanced at the 1 6 1 6 0 wave vector (i.e. half way from the Γ point towards the corner of the hexagonal Brillouin zone). If one compares this result with the low-temperature neutron diffraction data [10, Fig. 2 and 3] , one sees that the magnetic structure in Tb 2 PdSi 3 indeed sets in with the 1 6 1 6 0 in-plane component of the propagation vector.
In Fig. 4 (c) -(f) we show neutron diffraction data obtained from the same single crystals of Tb 2 PdSi 3 [23] as our photoemission measurements. Panel (c) shows data in the reciprocal (H H L) plane measured at 11 K, whereas panel (d) shows data in the (H0L) plane. Again, we see a well-defined peak at H = 1 6 along the (110) direction (Brillouin zone diagonal) already at 11 K, which gets even stronger upon cooling (e), whereas no peaks along (100) direction are observed down to 1.5 K (f). This observation confirms that the low-temperature short-range magnetic ordering of the localized Tb 4f electrons is characterized by the 1 6 1 6 0 propagation vector, as dictated by the nestingdriven enhancement of the RKKY interaction at this wave vector. The intense peaks observed at H = ±0.5 and H = 0 in both diffraction patterns originate from the long-range magnetic order predetermined by the crystallographic superstructure, which is driven mainly by the antiferromagnetic exchange interaction along the L-direction. The corresponding diffraction reflections are therefore irrelevant to our discussion, since the out-of-plane component is inaccessible in our present ARPES measurements. Our recent neutron diffraction studies (not shown) have revealed magnetic order with the same in-plane propagation vector of It is appropriate to mention here that magnetic structures with the 1 6 1 6 0 propagation vector were proposed in other rare earth intermetallics with magnetically frustrated triangular lattices, such as ZrNiAl-type systems, where indirect RKKY exchange also plays a role [24] . This might motivate future studies of the electronic structure in intermetallic compounds. Ref. 24 also proposes an explicit arrangement of magnetic moments on a triangular lattice that corresponds to the 1 6 1 6 0 kind of ordering, which might turn out to be relevant for the R 2 PdSi 3 systems as well.
To conclude, we have investigated the low-energy electronic structure and Fermi surface geometry of two ternary rare earth silicides that show highest Neel temperatures among the R 2 PdSi 3 series of compounds. We have shown that both compounds possess similar Fermi surfaces with a strong nesting vector that enhances indirect RKKY exchange interaction at the 1 6 1 6 0 wave vector, in perfect agreement with the in-plane propagation vector of the low-temperature magnetic ordering observed in our neutron diffraction measurements on the same single crystals. Therefore we conclude that the low-temperature magnetic ordering originates from the RKKY interaction, mediated by itinerant Tb 5d elec-trons at the Fermi level, and is driven by the enhanced itinerant spin susceptibility at the magnetic propagation vector, which can be understood within a simple Fermi surface nesting picture. 
